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Spettroscopia nel vicino infrarosso 
o Breve introduzione storica 
o Principi della tecnica per lo studio di tessuti 
biologici 
o Ossimetria 
o Mammografia ottica 
o Studio funzionale del cervello 
1930 1940 1950 1960 1970 1980 1990 2000 2010 
Breast transillumination, M. Cutler, 
Surg. Gynecol. Obstet. 48, 721 (1929). 
Diaphanography, C.M.Gros, J. 
Radiol. Electrol. 53, 297 (1972). 
Lightscanning, E.Carlsen, 
Diagn. Imaging 4, 28 (1982). 
Multicenter study, A. Alveryd 
et al., Cancer 65, 1671 (1990). 
        1990’s-2000’s: 
•Time-resolved methods; 
•Broadband spectroscopy; 
•Optical tomography; 
•Co-registration with US, MRI, CT; 
•Photo-acoustics, acousto-optics; 
•Fluorescence contrast agents. 
Optical Mammography 
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Optical Oximetry 
Calibrated oximetry, G.A.Millikan, 
Rev. Sci. Instr. 13, 434 (1942). 
Non-pulsatile oximeter, 
K.Matthes, Arch. Exp. Pathol. 
Pharmacol. 176, 683 (1934). 
HP Oximeter, E.B.Merrick et al., 
Hewlett-Packard J. 28, 2 (1976). 
Pulse oximetry, I. Yoshiya et al., Med. 
Biol. Eng. Comput. 18, 27 (1980). 
       1990’s: 
Time-resolved, quantitative, 
absolute tissue oximetry 
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Functional Brain Imaging 
Non-Invasive brain study, F. 
Jöbsis, Science 198, 1264 (1977). 
Functional studies: 
•B.Chance et al., PNAS 90, 
3770 (1993); 
•Y.Hoshi and M.Tamura, J. 
Appl. Physiol. 75, 1842 (1993); 
•T.Kato et al., J. Cereb. Blood 
Flow Metab. 13, 516 (1993); 
•A.Villringer et al., Neurosci. 
Lett. 154, 101 (1993). 
 
   2000’s: 
•Co-registration 
with fMRI, ERP; 
•Modeling of NIRS 
signals; 
Fast optical signal, G. Gratton et al., 
Psychophysiology 32, 505 (1995). 
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Diffusion equation for 
the photon density U(r,t) 
D = 1/[3(ma+ms’)] = diffusion coefficient 
ma = absorption coefficient 
ms’ = reduced scattering coefficient 
v = speed of light in tissue 
q = source term (power per unit volume)
  
frequency-domain Green’s function 
G(r,w) for an infinite geometry: 
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Straight lines as a function of r 
(distance from the source) 
from the following definitions: 
Abs[G(r,0)]  dc intensity (or average intensity Idc) 
Abs[G(r,w)]  ac amplitude 
Arg[G(r,w)]  phase 
 
it follows that (for the Green’s function): 
ln(r Idc) = -r Re[k] – ln[4vD]                phase =r Im[k] 
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Measurement of absorption and 
reduced scattering coefficients with 
frequency-domain spectroscopy 
where: ma: absorption coefficient 
  ms’: reduced scattering coefficient 
 w: angular modulation frequency 
  v: speed of light in tissue  
  SF: phase slope 
  Sac: ln(r |Uw|) slope 
Translating the absorption coefficient into 
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OPTICAL 
MAMMOGRAPHY 
 M. Cutler, “Transillumination of the Breast,” Surg. Gynecol. Obstet. 48, 721-727 (1929). (now J. Am. Coll. Surg.)  
The first optical study of the breast: 1929 
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x-ray vs. optical mammography 
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Oxygenation Index images from multi-wavelength optical mammograms 
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OPTICAL IMAGING 
OF THE BRAIN 
The basic approach to optical 
imaging of the brain 
From the light source 
To the optical detector 
Bilateral optical imaging of the brain 
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Concurrent fMRI and fNIRS  
Comparison of BOLD and NIRS mapping 
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Conclusioni 
La spettroscopia nel vicino infrarosso e’ una 
tecnica non invasiva per applicazioni in 
campo diagnostico e di ricerca: 
• Ossimetria tissutale quantitativa 
• Rivelazione/monitoraggio del tumore della 
mammella 
• Studio in tempo reale della funzionalita’ 
cerebrale 
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